Large scale and persistent heat waves affecting Central-Eastern China are investigated in 40 different simulations of sea surface temperature driven global atmospheric models. The different models are compared with results from reanalysis and ground station datasets. It is found that the dynamics of heat wave events is well reproduced by the models. However, they tend to produce too persistent heat wave events (lasting more than 20 days) and several hypothesis were tested to explain this bias. The daily variability of the temperatures or the seasonal signal did not explain the persistence. However, interannual variability of the temperatures in the models, and especially the sharp transition in the mid-90s, has a large impact on the duration of heat waves. A filtering method was applied to select the models closest to the observations in terms of events persistence. The selected models do not show significant difference with the other models for the long term trends. Thus, the bias on the duration of the events do not impact the reliability of the model positive trends, mainly controlled by the changes in mean temperatures.
Introduction
As the main objective of this study is to focus on the most threatening events for society, HW 126 highlights the warmest events in an absolute way. As the temperatures are warmer during mid 127 July, it is expected that most of the HW events will be identified during this period too. Thus,
128
HW events can be seen as a phenomenon that amplifies the seasonal transition and increases the 129 temperature during the warmest period. It also implies that HW events are related to the seasonal 130 transition. This point will be further discussed in the Section 4. 
2) COMPOSITES

132
To study the atmospheric circulation during the HW, a composite method is applied to an atmo- 
The composite of X corresponds to the averaging of the anomalies from all the HW days during 140 the studied period (see Appendix for a schematic view).
141
It is first important to verify if the model can reproduce the observed dynamics of events. For 143 that, a composite analysis is used, as described in Section 2.
144
The dynamical processes correlated with persistent HW events have been described in details in 145 Freychet et al. (2017) . Here we verify that the models can reproduce the composite ERAI signals.
146
The ensemble mean of the AMIP models can reproduce the observed dynamical patterns (Fig.2) .
147
A mid-troposphere high pressure (Z500) along with a subsidence anomaly (W500) and northward
148
shift of the subtropical jet (U200) leads to an increase in surface solar radiation (SSR) and favour
149
higher Tmax. The specific humidity (S.Hum.) is also higher than usual during these events and is 
155
The individual member performances are tested (Fig.3a,b) . Most of the models are close to the 156 reference (ERAI) in terms of correlation (between 0.7 and 0.9). The scatter of the N216 members,
157
especially for the SLP, indicates a high intra-model variability. Poor results may be due to a too 158 strong control of the seasonal transition in some members instead of an anomaly of the circulation 159 (i.e. HW events may be triggered by an overall large increase in temperature during the peak of the 160 summer 
197
Then heat waves are computed using the corrected data ( Fig.4c and d) . The total number of heat event is defined as a heat wave if it lasts at least 5 days, but in Fig.5 considerable internal variability exists in the models, illustrated in Fig.6 for the N216 simulations.
232
Some members can simulate a reasonable ratio of long persistent events whereas other simulations 233 produce mostly long lasting events. These differences are also observed in the AMIP ensemble
234
(not shown). Thus, the persistence of the events cannot be attributed to a systematic bias of a 235 model, but may be linked to the internal variability of the model.
236
A crude estimation of the realistic range of the maximum persistence is made, based on the 237 observations mean (µ obs =10.5 days) and differences (σ obs =3 days) and on the N216 standard devi-238 ation (σ N216 =5.1 days). Considering that the uncertainties are simply independent and cumulative,
239
the maximum realistic persistence could be considered as:
with N the number of members (for example 15 for the N216 ensemble mean variability alone, though it has an impact on the duration of the events in the models. 
3) EFFECT OF THE SEASONAL CYCLE
261
The amplitude of the summer range (i.e. the difference between the coldest and warmest period 262 of the summer based on the 5-day smoothed climatology) could also impact the HW persistence.
263
Too large a summer range would lead to systematically too persistent heat waves, as the warmest 264 period would be above the threshold used to detect HW. This hypothesis is tested in Fig.7 (c,d).
265
The summer ranges for Tmax and Tmin correspond to the difference between their highest and it is noticeable that all the members (AMIP and N216) have a larger seasonal range for Tmax, 270 compared to ERAI.
271
As the simulated summer range is generally larger than observations, persistence is analysed 272 after correcting the seasonal climatology as explained in Section 4. It is clear that even after 273 13 correcting the seasonal climatology, differences in the persistence (Fig.8a.) signal. As expected, the events tend to be shorter (Fig.8b ), because they are not amplified by the 280 seasonal transition. There is a better agreement between EARI and OBS, but the models still tend 281 to produce to many long lasting events.
282
Errors in the seasonal cycle cannot on their own explain the persistence of simulated events.
283
However, the influence of the seasonal signal in the models is larger than in OBS or ERAI. For 284 the models, the persistence of high temperatures may be partly due to an anomalous high seasonal ERAI and OBS have a good agreement in terms of inter-annual evolution of HW events (Fig.9 ).
293
They both have a clear decadal oscillation and an overall positive trend. Models tend to reproduce 294 the positive trend, but the decadal oscillation is less clear (though it is still visible), especially for 295 the N216 ensemble. A major transition occurs between the mid-90s and 2000, with a peak just 296 14 after 2000. In the observations this transition is also visible, but in the models it is particularly 297 sharp.
298 Fig.10 shows the same evolution but for long HW events only (more than 10 days). In the ob-299 servations, the two peaks (corresponding to the few long events in OBS) are concurrent with the 300 higher phases of the decadal signal. This indicates that the persistence of the events can be influ-
301
enced by the decadal variability of temperatures. In the models, the signal is mostly controlled by 302 the mid-90s transition, with most of the long HW occurring after this transition. This is also visi-303 ble for the signal without running mean where the interannual variability is larger (Fig.10b) . Two Finally, it is noticeable that both models and observations indicate a steady increase in the num- oscillations. This is not surprising given the ensemble averaging that tend to reduce the variabil-314 ity. When computing HW events after removing both the interannual summer means, the signal 315 is more constant (Fig.10c ) in the models. This clearly indicates that the trend in the models is 316 mainly controlled by the trends in the mean temperatures, which is consistent with Freychet et al. events between the first and the last decade (1980-1990 and 1998-2008 results are found for the N216 ensemble (Fig.11c,d) . Interestingly, the most recent period 2013) does not show a significant difference. Thus the major increase in the heat waves events 327 occurred during the mid-90s transition. It may be due to a change in aerosols emission and trans-328 port during these years (and a high sensitivity of the models to these changes), but this hypothesis 329 could be investigated in future work.
330
In previous sections, it has been shown that the signals in the AMIP simulations is often biased,
331
especially in terms of the length of the events they produce. Thus, the reliability of the trend gives a margin of uncertainties within which the differences between a model and the observations 339 can be considered as reasonable.
340
As the biases are observed on the number and the duration of HW events, two variables are 341 considered to evaluate the models performance: the total number of heat wave days per years
342
(HW d/y ) and the ratio of days included in long heat waves (more than 10 days) compared to the total number of heat wave days (HWL rat ). The reference values and associated uncertainties are computed using both OBS and ERAI, using the following formula: estimate the intra-model variability.
372
It was found that models tend to overestimate the number of heat wave days during the historical 373 period, mostly because the events are too persistent. In the observations and reanalysis, the length 374 of the events reaches a maximum of 12 or 9 days respectively, while in the models it can be more 375 than 20 days.
376
Possible reasons to explain this bias were investigated: the magnitude of the summer range 377 between the coldest and warmest temperatures, the climatology and the daily variability of the 378 temperatures. None of these possible factors showed a significant relationship with the persistence 379 of the heat waves, though it seems that the models are particularly sensitive to the seasonal signal.
380
When investigating the decadal variability of the signals, it was found that most of the long heat 381 waves occurs during the warmest periods. Thus, a possible explanation is that the heat wave signal 382 in the models is more impacted by interannual to long term variability of the temperatures, while 383 in the observations it is more sensitive to short term variations. It was also noticed that the large 384 internal variability of the models could explain part of the long heat waves.
385
18
The circulation signal during heatwave events was verified with a composite analysis. The AMIP 386 ensemble mean was consistent with reanalysis though individual members were less consistent.
387
It was also verified that the composites of short heat waves (5-10 days) were consistent with the this study, thus they should be considered in the future as possible factors impacting heat waves in 399 the models and eventually leading to biases in the persistence of the events.
400
Based on this study, the AMIP models were found reliable in terms of dynamics for the heat from the difference between observation and reanalysis. Larger datasets, such an ensemble of 410 reanalysis, could be used to improve the estimation of these uncertainties.
411
Using directly the raw temperature threshold is justified as it impacts human health. However 
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The solid black line is the daily time serie of a variable X, the solid red line is its daily 
